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ABSTRACT

The objective of this research was, to the degree possible, to provide
quantitative estimates of economic measures of benefits (or damage) from
controlling air pollution under alternative policy relevant scenarios. While it
is important to recognize and discuss the conceptual and practical limitations
in conducting such an analysis, the overriding focus of this effort was to use
the best available literature, data, methods and professional judgement to
estimate and represent as fully and accurately as possible the economic measures

of air pollution control benefits.

The study encompasses four air basins in California that have a combined 1980
population of just over 19 million people (80 percent of the state total): the
San Diego Air Basin, the South Coast Air Basin, the San Joaquin Valley Air
Basin, and the San Francisco Bay Area Air Basin. For each alternative scenario,
emission estimates of particulate matter, nitrogen oxides, sulfur oxides, lead,
and reactive organic gases are made. These are used with modelling to estimate
ambient concentrations of total suspended particulates, nitrogen dioxide, sulfur
dioxide, sulfates, lead, ozone, and visibility conditions for 641 locations in
the four air basins. Physical and economic measures of air pollution control
benefits are calculated for five effects categories: human health, agriculture,
materials and soiling, forests, and visibility aesthetics. The physical impacts
and economic measures are based upon the best available literature and include a
"best" estimate, a "lower bound" estimate, and an "upper bound" estimate. An_
assessment of the probable percentage of economic benefits for each effects

category is also presented.

Five air pollution control scenario comparisons are examined. The first two
compare actual conditions in 1979 to estimates of conditions that wouia have
occurred in 1979 with 1) 1960 levels of control (called the 1979 no control
comparison), and 2) with those controls that would have been undertaken even
without air pollution control regulations (called the 1979 prevailing practice
comparison). The last three comparisons relate predicted conditions in 1987
under planned controls with estimates of conditions that would occur in 1987

with 3) no controls (1987 no controls comparisom), 4) with prevailing practice
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controls (1987 prevailing practice comparison), and 5) with 1982 levels of
controls (called the 1987 82 control comparison or 1987 curtailed control

comparison). The comparisons are made as if Federal Standards do not exist.

The annual four air basin "best" economic measure of total annual quantified air
pollution control benefits are estimated as approximately: $11.9 billion in the
1979 no control comparison, $9.6 billion in the 1979 prevailing practice
comparison, $13.3 billion in the 1987 no control comparison, $10.5 billion in
the 1987 prevailing practice comparison, and $1.9 billion in the 1987 curtailed
controls comparison (all in 1983 dollars). Consideration of omitted pollutants
and regions, and of physical impacts and economic. values that could not be
quantified, suggests the analysis may be capturing only 50 percent of total
economic values. There is also considerable uncertainty in the estimates, as
reflected by upper bound estimates roughly double the best estimates and lower
bound estimates on the order of 10 percent of the best estimates. This large
range is primarily due to uncertainties in the ability to confidently measure

and value mortality impacts.

The approximate breakdown of the best benefit estimates by effects category is
(depending upon the comparison used): 62-68 percent human health (about 54%
mortality/10% morbidity), 12-30 percent materials damage and soiling, 8-25
percent visibility, and less than 1 percent vegetation (agriculture and
forests). Very few of the potential forest benefits were felt to be captured.
The breakdown by air basin is (depending upon the comparison used): 42-76
percent in the South Coast, 3-33 percent in the San Francisco Bay Area, 1-16 |
percent in San Diego, and 8-20 percent in the San Joaquin Valley. The breakdown
of benefits by pollutants is more difficult as their effects are difficult to
separate. Nevertheless, the pollutants with the largest change in ambient
concentrations and those most likely related to the largest control benefits are
total suspended particulates and sulfur compounds. The smaiiest benefits were
associated with changes in ozone. This was due to small predicted changes in
ozone across the scenarios. The value of changes in lead concentrations could

not be economically quantified.
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1.0 INTRODUCTION

1.1 OBJECTIVE

For more than a decade, the U.S. Environmental Protection Agency (EPA), the
California Air Resources Board (CARB) and local air pollution control
districts have pursued strategies aimed at achieving and maintaining Federal
and state air quality standards in California. Evaluating the effects of past
efforts and maximizing the net benefits of current efforts to improve air
quality is a major concern to government, industry, and the public. However,
such examination is limited by a lack of detailed information on the benefits

(or damages) of controlling (or not controlling) air pollution.

The objective of this research was, to the degree possible, to provide
quantitative estimates of economic measures of benefits (or damages) from
controlling air pollution under alternative air pollution control scenarios.
While it is important to recognize and discuss the conceptual and practical
limitations in conducting such an analysis, the overriding focus of this
effort was to use the best available literature, data, methods and profes-
sional judgement to estimate and represent as fully and accurately as

possible the economic measures of air pollution control benefits.

To meet the objective, the study used alternative pollution control scenarios
that allow 1979 actual and 1987 planned emissions cohtrols to be compared to
more lenient potential alternative control levels. The first stage in the i
analysis was to estimate what emissions and ambient concentrations of
pollution would be under each alternative scenario. Next, based upon changes
in ambient concentrations in pollutants across the scenarios, changes in
physical and economic measures of air pollution benefits were estimated. A
broad range of pollutants and effects categories were included in the analysis
and, to represent the uncertainty in the estimates, "best", "upper bound" and
"lover bound" economic estimates are provided for those effects categories

that have been quantified.
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1.2 STUDY DESIGN

The linkages between changes in regulatory policies (or alternative scenarios
of air pollution control) to economic valuation of impacts are jillustrated in
Figure 1.1. The study was designed to meet the stated objectives by following
this flow chart. Initially, seven alternative air pollution control scenarios
wvere defined, including actual conditions in 1979 as the "baseline". Under
each alternative scenario, emissions and ambient concentrations were estimated
for selected pollutants and for visibility at selected locations. The
emissions and ambient air quality analysis was performed by Systems
Applications Inc. These estimates consider prevailing engineering practice,
air pollution regulatory compliance strategies, and atmospheric and

topographic conditions under each alternative scenario.

The physical impacts, and economic valuation of impacts, to society’s health
and well-being from changes in air pollution conditions were estimated by
Energy and Resource Consultants, Inc. using the ambient air quality data
provided by Systems Applications, Inc. The analysis used results of pre-
viously conducted studies on the physical impacts of air pollution and their
economic valuation. The analysis considered both physical damage and miti-
gating behavior that economic agents undertake to reduce air pollution
impacts. Economic agents often respond to changeé in air pollution condi-
tions with efforts to mitigate (or respond to) potentially adverse impacts.
For example, the formulation of many materials has been altered so that the
material is more resistant to air pollutants. The estimated changes in eco-
nomic damages to materials from a change in air pollution account for, to thé
degree possible, the change in physical effects that occur as well as the

change in activities to mitigate adverse effects.

STUDY AREAS

Four California air basins were included in the analysis: the San Diego Air
Basin (SDAB), the South Coast Air Basin (SCAB), the San Joaquin Valley Air
Basin (SJVAB) and the San Francisco Bay Area Air Basin (SFBAB). The locations
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and areas covered by these air basins are shown in Figures 1-2 through 1-6.
These air basins vere selected due to their combined importance in terms of
population and known air pollution problems. The combined populations of
these four air basins include approximately 80 percent of California’s total
population (See Table 1-1). Air pollution damage in these four areas probably
represents well over 80%Z of total damages statewide as there is generally much
less air pollution in other California air basins. The four air basins were
broken down into 641 "supertracts" for analysis purposes. Each supertract is
a collection of 3-15 adjacent census tracts. The average population of a
supertract is just over 30,000 people. All ambient air quality, physical
effects and econdmic analyses and calculations were carried out at the

supertract level of detail and then aggregated to air basin totals.

POLLUTANTS

Six emitted and six ambient pollutants were considered in the analysis:

EMITTED AMBIENT
Particulate matter (PM) Total Suspended Particulates (TSP)
Nitrogen oxides (NOX) Nitrogen Dioxide (NOZ)
Sulfur oxides (SOX) . Sulfur Dioxide (502)
Carbon monoxide (CO) Sulfates (504)
Lead (PB) Lead (PB)
Reactive organic gases (ROG) Ozone (03)

The ambient pollutants selected were those that account for a substantial
portion of known air pollutant effects upon humans and the ecosystem_and for
which defensible quantitative information were available to estimate
emissions, ambient concentrations, and physical and economic measures of
impacts. The emitted pollutants were selected as those that result in the

ambient pollutants of interest.
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Figure 1-2
California Air Basins
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Figure 1-3
The San Diego Air Basin
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Figure 1-5
The San Joaquin Valley Air Basin
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Table 1-1
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POPULATION IN THE STUDY ATR BASINS IN 1980

PERCENT OF PERCENT OF
AREA POPULATION STUDY AREAS STATE

San Diego Air Basin 1,861,814 9.76% 7.87%
South Coast Air Basin 10,217,514 53.56% 43.17%
San Joaquin Valley Air

Basin 2,045,029 10.72% 8.64%
San Francisco Bay Area

Air Basin 4,952,471 25.96% 20.92%
Study Area Total 19,076,828 100.00% 80.607%
California 23,667,900 - 100.00%

Populations calculated by matching census tracts to air basin boundary
definitions. All data from the 1980 U.S. Census.
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EFFECTS CATEGORIES

Economic measures of damages were estimated for the following effects:

categories:

o HUMAN HEALTH including changes in the risks of mortality and
morbidity.
-0  AGRICULTURE including commercial crops.
0 MATERIALS including materials deterioration, damage and soiling.
o FORESTS including impacts to tree productivity that result in reduced
commercial yields and reduced recreation aesthetics.
o VISIBILITY AESTHETICS including visibility impairment in residential

and recreational areas.

For many effects categories, both physical and economic measures of changes in
effects due to changes in air pollution control scenarios are quantified. 1In
other categories, most studies combine physical and economic estimates into
one damage function. For example, instead of estimating the amount of paint
lost due to air pollution in a study region, studies will typically estimate a
damage rate and combine the physical and economic damages into one function,
which has then been used in this report. Therefore, while changes in
economic measures of damages for each effects category are always presented,

changes in physical effects are not necessarily presented.

In each damage category, effects were quantified whenever defensible damage
functions could be identified. Nevertheless, numerous effects within a
category are suspected of being caused by air pollutants at levels expected in
one or more of the alternative scenarios, but no defensible damage functions
could be identified for use in this analysis. Consequently, due to omissions
in damages in each category, the "best" economic estimates of benefits, even
given inaccuracy in the estimates, are likely to understate total benefits of

air pollution controls for the category.
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ATR POLLUTION CONTROL SCENARIOS

Seven air pollution control scenarios and five comparisons were examined, as
summarized in Table 1-2. Scenarios 1 and 7 represent two points of
comparison: the actual emissions in 1979 and the emissions predicted to
occur with the controls planned in 1987. The 1987 planned controls are based
upon published state and local air pollution control implementétion plans. The
"1960" scenarios (2 and 4) represent hypothetical scenarios with no federal,
state or local regulations of source emissions beyond levels in use in 1960.
The "prevailing practice” scenarios (3 and 5) represent conditions where the
only air pollution controls would be those controls that, in the absense of
any emissions control regulations, would have been implemented voluntarily for
reasons other than air pollution control, but would have decreased emissions.
The "1982 controls" scenario (6) represents what would occur in 1987 if
regulations that were in effect in 1982 remained in force in 1987, but no
additional regulations were implemented. The confounding effects of the

existence of federal air pollution control standards are not considered.

The scenario comparisons represent the economic benefits to human health and

welfare from:

o Having emissions at actual 1979 levels rather than at higher levels
in 1979 (Comparisons 1 and 2), and
o Having emissions that would occur with 1987/ planned controls rather

than higher emissions levels in 1987 (Comparisons 3,4 and 5).

1.3 COMPARISONS WITH PREVIOUS STUDIES

Several previous attempts have been made to estimate economic measures of air
pollution damage both in California (Fisher et al. 1979, Hamilton 1979,
Vestman and Conn 1976) and nationwide (Freeman 1982, Yaddell 1974, and Crocker
1979). This effort has made significant improvements over pievious attempts,

yet is still subject to many of the same limitations.
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Table 1-2
STUDY SCENARIOS AND SCENARIO COMPARISONS

STUDY SCENARIOS

1. Actual 1979 emissions (base year)

2. Estimated 1979 emissions with 1960 air pollution controls (1979 No
Control--Worst Case) -

3. Estimated 1979 emissions with prevailing engineering practice controls
(1979 No Control--Prevailing Practices).

4, Predicted 1987 emissions with 1960 air pollution controls (1987 No
- Control--Worst Case).

5. Predicted 1987 emissions with prevailing engineering practice controls
(1987 No Control--Prevailing Practice).

6. Predicted 1987 emissions with curtailed (1982) controls (1987 Curtailed
Controls).

7. Predicted 1987 emissions with planned controls (1987 Planned Controls).

SCENARIO COMPARISONS

COMPARISON #1. 1979 NO CONTROL
1979 without controls versus actual controls (Scenario 1 versus Scenario 2)

COMPARISON #2. 1979 PP CONTROL
1979 with prevailing engineering practice controls only versus actual
controls (Scenario 1 versus Scenario 3)

COMPARISON #3. 1987 NO CONTROL
1987 without controls versus planned controls (Scenario 7 versus Scenario 4)

COMPARISON #4. 1987 PP CONTROL
1987 with prevailing engineering practice controls only versus planned
controls (Scenario 7 versus Scenario 5)

COMPARISON #5. 1987 82 CONTROL
1987 with 1982 level of controls versus planned controls (Scenario 7
versus Scenario 6)

1-11
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Improvements Over Previous Efforts

Relative to previous efforts this study represents significant advances in the

following areas:

Policy based scenarios are used providing results more useful for

policy analysis.

More pollutants are considered than has heretofore been the case. As
a result, more effects categories are able to be analyzed and

included.

Estimation of changes in emissions, visibility, and ambient
concentrations for each pollutant allow more precise estimation of
the benefits of air pollution control. Many past studies have
estimated air pollution control benefits for a given percentage
change in one or more pollutants, which is assumed to be the same for
all pollutants, scenarios and locations. However, the rate of change
in ambient concentrations of different pollutants is seldom similiar
across different pollutants, scenarios and locations. In fact, this
study finds significantly different rates of change in ambient
concentrations for different pollutants across the different
scenarios. As a result, some of the economic estimates at first

appear quite suprising.

The scenarios consider planned controls in 1987, rather than meeting
state and federal standards. Because planned emissions controls are
generally not predicted to result in meeting ambient air quality
standards, the physical and economic estimates of benefits are often
less than have been predicted in previous benefits studies of air

pollution control (For example, see Rowe and Chestnut 1985).

Different concentration measures are estimated for each pollutant, as
required in the physical and economic damage estimation procedures.
This is important because a percentage change in one air pollution

measure, such as the annual average, will not equal the same

1-12




Energy and Resource Consultants, Inc.

percentage change in another measure, such as the number of hours
exceeding a certain threshold. Ignoring these differences may have

biased previous studies.

o The ambient air pollution measures have been disaggregated to a level
that represents more accurately human and ecosystem exposures than
has been accomplished in previous multi-pollutant studies. For
example, for many pollutants, a county average concentration would
greatly misstate the average exposure of the population, crops and

forests if there are any unusual population distribution patterns.

o More damage categories have been included and analyzed in detail than
in any past multi-pollutant study. More subcategories of damages
have also been included. This reflects our ability to utilize and
benefit from an ever growing literature on the physical and economic

damages of air pollution.

Limitations Consistent With Past Studies

This study suffers many of the same limitations as previous efforts but, due
to research progress, to a lesser degree. The most significant limitations

are omissions and inaccuracy.

The omissions include pollutants, effects categories and locations. The study
was only able to attempt to quantify damages from a handful of pollutants. W
Potentially significant damages from acid rain, carbon monoxide, air borne
toxic substances and carbon dioxide represent but a few of the pollutants that
were not included. Many possible effects categories and subcategories have
also been omitted due to lack of adaquate quantative information or due to
previous evidence that these effects are small compared to the many effects
that were included. Among these are ecosystem effects on the protection of
habitat, flora, and fauna; soil erosion and reduced water conservation
associated with forest degradation; recreational and commercial fishery

losses; global climate effects; and many suspected health effects. Other
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effects not included were interbasin transfers of pollution effects on other

California air basins not considered in this report.

Inaccuracy pervades the analysis. Estimates of emissions, ambient
concentrations, and physical and economic measures of damages under each
alternative scenario are all subject to inaccuracy. The inaccuracy from one
step is further compounded by the use of the data in the next step. Limited
and contradictory evidence compounds the difficulty in estimating physical and
economic measures of damage. The approach in this study has not been to
resolve such controversies, but to select those studies that seem to represent
the "best", "upper" and "lower" estimates of air pollution control benefits
that have some professional credibility. These studies were selected in terms
of their theoretical validity, applicability and presumed accuracy and

professional acceptance.

1.4 ORGANIZATION OF THE REPORT

This report is organized in two volumes. The first volume includes Chapters 1
and 2, which provide a summary of the objectives, methods (Chapter 1) and
results (Chapter 2). Volume I serves as an extended executive summary of the
study. Volume II covers the detailed study procedures and findings (Chapters

3 through 9). Chapters 3-9 include the following materials:

o Chapter 3. Methods and results for the estimation of emissions and
ambient pollutant concentrations, and visibility conditions under the
alternative scenarios.

o Chapter 4. A summary of concepts and methods used to estimate
economic measures of benefits from air pollution control.

o Chapter 5. Methods and results for the estimation of human health
benefits. '

o Chapter 6. Methods and results for the estimation of agricultural
benefits.

o Chapter 7. Methods and results for the estimation of materials
damage.

o Chapter 8. Methods and results for the estimation of forest benefits.

1-14
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o Chapter 9. Methods and results for the estimation of visibility

aesthetic benefits.

Each of Chapters 5-9 follow a parallel organizational theme. The types of
benefits from air pollution control are identified, followed by selection of
physical damage functions for each of the study pollutants. Economic damage
functions for categories of physical damages are selected. Next, a brief
subjective assessment is presented concerning the relative importance of
benefits that have been included versus potential benefits that have been
omitted in the analysis and the accuracy of the analysis. Finally results of

the assessment are presented for each air basin and scenario comparison.
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2.0 SUMMARY OF RESULTS

2.1 EMISSIONS AND AMBIENT CONCENTRATIONS
2.1.1 Emissions

This section summarizes the 32 emission inventories that were developed during
this study. The inventories covered 8 scenarios in 4 California Air Basins
(22 counties) for 6 pollutants. In general, these inventories were developed
from a 1979 base year emission inventory through the use of growth and control
factors, by scenario, for each individual air basin. The 1979 emissions data
base used throughout the inventory task was obtained from the ARB Emission
Data System. Emissions were identified in the data base by facility and
devise (process) for point sources, and area source emissions were provided by
category. During the study, emission estimates were developed by county (or
county portions) for each of the 4 air basins in the study. Emissions vere
estimated in tons per year (TPY) for the six pollutants identified on page
1-4.

Inventory Scenarios

The eight scenarios represented alternative levels of emission control for
three time periods 1960, 1979, and 1987. These scenarios include a 1960

baseline plus the seven scenarios identified in Table 1-2.

The 1979 base year inventory was used to generate inventories for each of the

other scenarios.

The 1960 inventory was developed by estimating the changes in the ievels of
growth and control between 1979 and 1960 for point and area sources. Using
the ARB system'for projecting inventories, factors were estimated for the 63
growth and the 101 control codes used in this study. Since different emission
control technology is used for different pollutants, the control factors were

developed for each of the 6 pollutants in the study.
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The 1979 no control worst case scenario represented the hypothetical case of
no federal, state, or local regulation of source emissions beyond the control
levels in use in 1960. The 1970 no control worst case inventory was developed
by applying the 1960 control factors for each control code to the 1979 base
year inventory for the four air basins. Similar in concept to the 1979 no
control worst case scenario, the 1987 no control worst case inventory
represented the hypothetical case of no regulation of emissions beyond the
control levels in use in 1960. Growth factors wvere derived from ARB growth
profiles to account for the levels of source activity estimated to occur in

1987.

In contrast to the no control worst case scenario, emission estimates were
also developed for a 1979 no control prevailing practices scenario.
Prevailing practices were defined as actions that, in the absence of any
emission control regulations, would have been implemented voluntarily by
industry for reasons of product improvement, public relations, economics, Or

safety, and that would have resulted in a decrease in emissions.

Similarly, the inventory for the 1987 no control prevailing practices scenario
was developed for each air basin by applying the prevailing practices control

factors, and the 1987 ARB growth factors, to the 1979 base year inventory.

The 1987 curtailed controls scenario represented the hypothetical case of
partial regulation of source emissions. The definition of the 1987 curtailed
controls scenario was that all control regulations in full effect as of 1 July
1982 remained in force in 1987, but that all subsequent regulations, includiﬁg
those already adopted but not yet in full force, were not implemented. In
general, this scenario represented a 1987 inventory with 1982 emission

controls.
The 1987 planned controls scenario assumed that existing control regulations

remained in force in 1987 and that all regulations planned by the ARB and by

local control districts for implementation by 1987 took effect.

2-2




Energy and Resource Consultants, Inc.

Emission Inventory Results

Tables 2-1 through 2-4 present the change in emissions from the 1960 baseline
inventory by scenario and air basin. As shown in these tables, there.is a
wide range of emissions over the eight scenarios for every pollutant and air
basin. As expected, emissions are generally at the highest level for the 1987
no control worst case scenario. In contrast emissions of ROG, CO, NOX, and PB
are at the lowest level, for the most part, in the 1987 planned controls
scenario; S0, emissions are lowest in the 1987 planned controls or 1979 base
year scenario depending on the air basin; and PM emissions are generally
.lowest in the 1979 base year scenario. In conclusion, these inventories
demonstrate that federal, state, and local control agencies have had, and will
continue to have, a significant beneficial effect on emission levels in the
state. On the basis of these inventories, much has been accomplished in

reducing emissions from a variety of source categories in California.

2.1.2 Ambient Concentrations and Visibility

The various damage functions (health, agricultural, crop, etc.) require
ambient concentrations of lead, total suspended particulate matter (TSP),
sulfur dioxide, sulfate, nitrogen dioxide and ozone as inputs in order to
calculate the actual damage for the various emission scenarios described in
the previous section. In order to estimate pollutant concentrations for the
various emission scenarios, ambient air quality measurements of the six
pollutants at monitoring stations in the four air basins were obtained from
California Air Resources Board (CARB) for a three year period from 1978 to
1980. Statistical annual averages, frequency distributions, and cumulative
frequency distributions were calculated for each pollutant at each station.
From the CARB set of air monitoring stations, a subset was chosen to represent
geographic and/or population areas based on census tract information which was
combined into larger tracts called supertracts. This subset was developed
based on the location of the station and its proximity to the centroid of the

supertracts.
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Table 2-1

Change in Emissions from the 1960
Baseline Inventory for the San Diego Air Basin

Scenario

Change in Emissions (percent)

ROG

co N0, SO0,  PM B

1979 Base Year

1979 No Control--Worst
Case

1979 No Control--Prevailing
Practices

1987 No Control--Worst Case

1987 No Control--Prevailing
Practices

1987 Curtailed Controls

1987 Planned Controls

+14

+138

+107

+207

+167
+14

-13

+27 +98 +4 +14 +10
+164  +152  +195 +59  +172

+90 +152  +142 +47  +172

+247  +253  +321 +102  +259

+148  +253 4245 +87  +259
+36 +140 +47 +45 -16

-1 +89 +45 +44 -63
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Table 2-2

Change in Emissions from the 1960
Baseline Inventory for the San Francisco Air Basin

Change in Emissions (percent)

Scenariq ROG Cco NOx SOx PM P8

1979 Base Year -10 . +2 +37 -9 -14 -12

1979 No Control--Worst
Case ” +82 +114 +69 +54 +39  +119

1979 No Control--Prevailing :
Practices +58 +53 +69 +38 +24  +119

1987 No Control--Worst Case +116 +164 +103 +73 +57  +173

1987 No Control--Prevailing

Practices +87 +89 +103 +54 +41 +173
1987 Curtailed Controls -20 +4 +48 +1 -1 -36

1987 Planned Controls -39 =23 +23 0 -2 72

38
|
v




Change in Emissions from the 1960 Baseline

Table 2-3
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Inventory for the San Joaquin Valley Air Basin

Change in Emissions (percent)

Scenario ROG co NO, SOy PM PB
1979 Base Year +15  +10  +55  +24  +23  -12
1979 No Control--Worst

Case ' +65 +97 +66 +33 +49  +117
1979 No Control--Prevailing :

Practices +53 +50 +66 +33 +42  +117
1987 No Control--Worst Case +135 +138 +130 +140 +64 +165
1987 No Control--Prevailing

Practices +121 +80 +130 +139 +56 +165
1987 Curtailed Controls =17 +14 +96 +70 +35 -37
1987 Planned Controls -25 -9 +70 -19 +35 -73
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Table 2-4

Change in Emissions from the 1960
Baseline Inventory for the South Coast Air Basin

Change in Emissions (percent)

Scenario ROG co NO, S0, PM P8

1979 Base Year | 2 +4 451 236 +47 -9

1979 No Control--Worst
Case +98 +114 +81 +100 +66 +118

1979 No Control--Prevailing:
Practices +73 +54 +81 +69 +61  +118

1987 No Control--Worst Case +134 +158 +96 +31 +73  +165

1987 No Control--Prevailing

Practices +103 +85 +96 +15 +68  +165
1987 Curtailed Controls =12 +2 +49 -46 +53 =35
1987 Planned Controls -42 -24 0 -69 +47 -69
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The statistical calculations are associated with the 1979 baseline emission
scenario. Summaries of pollutant concentrations are shown in Table 2-5.
Pollutant concentration estimates for the various emission scenarios were made
based on percentage emission changes from the 1979 baseline emission scenario
for the nonreactive pollutants (lead, TSP, sulfur dioxide and sulfate) and
nitrogen dioxide. Although nitrogen dioxide (NOZ) is involved in
photochemical smog formation, usually peak NO2 is equal to the total nitrogen
oxides (NOX). Thus, we can assume that peak NO2 varies linearly with NOx
emissions. Since ozone is a major product of photochemical mechanisms due to
hydrocarbon (ROG) and NOx.emissions, ozone estimates were made with the
Empirical Kinetics Modeling Approach (EKMA) as outlined by EPA (1981) and EPA
(1984).

Resultant pollutant concentration estimates for the nonreactive species and

NO., vary according to the emission changes as described in the previous

2
section. Frequency distributions for each pollutant were shifted based on
emission changes. Ozone concentrations for the different emission scenarios
vary less than the hydrocarbon and NOX emission changes. The ozone changes
are similar to previous EKMA studies of Los Angeles, San Francisco, and
Sacramento (Whitten and Hogo, 1981; and Whitten, Hogo, and Johnson, 1981).
Since EKMA gives changes in peak l-hour ozone, we do not expect the same
magnitude of change to apply to lower ozone concentrations. Therefore, we
linearly decrease the percentage change from the maximum ozone modeled to zero
at a background ozone value. Background ozone at 0.02 ppm was chosen for the
four air basins. Because of the methodology used to estimate ozone, longer
term statistical averages (annual, 6 month) which are usually near backgroun&
showed little to no change for the different emission scenarios. The ozone
estimates may be subject to some unquantifiable inaccuracy, yet this
inaccuracy would have minimal inpact on the total economic estimates reported

(see Chapter 3).

Summary of the estimated concentrations for the different pollutants are shown
in Table 2-6 through Table 2-11.

Estimates of visibility impairment due to the different emission scenarios can
be made using the TSP, sulfate, and nitrate concentrations based on regression

4
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equations developed by Trijonis (1980). Tables 2-12 and 2-13 show the
estimated visual range calculated for the 1979 ambient concentrations aqﬁ for
the different emission scenarios. It is interesting to note that visibility
improvés in the South Coast Air Basin under the 1987 Planned Controls Scenario
compared to 1979 baseline vhereas visibility is degraded somewhat in the other

air basins.

2.2 HEALTH BENEFITS

The air pollutants under consideration in this study are associated with a
wide variety of suspected effects on human health. Each health effect is
associated with a decrease in the affected individual’s well-being. It is not
known exactly which individual will be affected in any population that is
exposed to the air pollutants. Each individual in the exposed population is
faced with an increased probability of suffering some undesirable health
effect, although some individuals may be at greater risk of being affected
than others due to their age, current health status or other factors. The
scientific evidence is quite strong that air pollutants can have adverse
effects on human health at ambient levels that have occurred or do occur, but
much uncertainty remains as to exactly what effects can be expected to occur

and, at what pollution levels.

The most credible and up-to-date results of previous studies have been used in
this analysis to develop quantitative estimates of the health effects that
could be expected under the alternative pollution control scenarios. The
studies used for this purpose are epidemiological studies that examine the
relationship between actual occurrences of different health effects and
ambient levels of different air pollutants. The estimates of the physical
health éffects expected under each scenario were evaluated in dollar terms
based on current . available information about what individuals are willing to

pay to reduce or prevent these health effects.
Table 2-14 lists the types of health effects included in the dollar estimates

of the health benefits. It also lists some of the health effects that are

believed to be associated with each of the pollutants but were not included
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Table 2-12
Estimated Visual Range and Nitrate Concentrations for Selected Stations
for the Base Period 1978 - 1980
(Annual Average)

Visual Range Nitrate
Station Name (miles) (ug/m3)

(a) San Diego Air Basin

EL CAJON , 14.19 9.0
SAN DIEGO-ISLAND 12.28 9.0

(b) San Francisco Air Basin

PITTSBURG 13.49 8.0
RICHMOND - 13 ST 14.26 5.0
SAN JOSE 11.66 8.0
SAN FRANCISCO 16.15 5.0

(c) San Joaquin Air Basin

FRESNO-OLIVE 9.52 17.0
BAKERSFIELD-CHESTER 14.25 20.0

(d) South Coast Air Basin

COSTA MESA-PLACENTIA 6.77 15.0
LAKE GREGORY 15.14 15.0
AZUSA 5.66 15.0
LOS ANGELES-MAIN 9.45 15.0
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Quantified and Unquantified Health Damages

Pollutant Quantified Effects Unquantified Effects

TSP/SQ4 Mortality Decreased pulmonary functioning
and increased respiratory

Adult sick days illness in children
(equivalent to work loss :
days) Aggravation of chronic
disease symptoms (other than
Adult minor restricted asthma) :
activity days
Increased prevalence of chronic
Emergency room visits respiratory disease
Emergency hospital admissions
Aggravation of asthma
symp toms
0X Adult restricted Aggravaqtion of chronic
activity days respiratory disease symptoms
(other than asthma)
Aggravation of asthma Decreased athletic performance
symptoms
Possible increased prevalence
of chronic respiratory disease

SO2 Bronchoconstriction in
individuals with chronic disease
and in healthy subjects.

NO2 Decreased pulmonary function
and increased respiratory
illness in children
Decreased pulmonary function in
asthmatics

Lead Increased risks of cognitive

and nerve impairment and anemia,
especially in children at blood
lead levels about 30 ug/dl

Possible increased risks,
especially in children, at
blood lead levels between 10
and 30 pg/dl
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due to lack of adequate quantitative information. Quantitative estimates of
mortality and morbidity were developed for TSP/SO4 and ozone. TSP and SO4
were treated together because in many cases it is difficult to separate their
effects. Estimates were also made concerning the number of people who would
be exposed to potentially harmful levels of NO2 and lead, although adequate
information was not available to develop quantitative estimates of the number
of people who could be expected to experience any given health effect.

Potential effects of SO2 were also discussed.

The quantitative estimates of the health effects associated with each scenario
were obtained by applying the estimated relationship between each type of
health effect and each pollutant from previous stu&ies to the change in
pollution expected under each of the scenarios. The resulting health effects
estimates are shown in Tables 2-15 to 2-18. Population differences account
for some of the differences between the air basins, but differences also occur
because of different predicted changes in ambient pollution levels. For
example, the best estimates of predicted changes in mortality in the South
Coast Air Basin are smaller than those for San Francisco even though the
population is larger, because the bredicted changes in TSP were smaller than
in San Francisco. The reverse is true of the upper bound mortality estimates

due to the large predicted change in SO4 in the South Coast Air Basin.

The wide range between the upper and lower bounds on emergency hospital
admissions and emergency room visits is indicative of the uncertainty in these
estimates. There is a wide variation in results from the three studies that
have developed estimates of the relationship between TSP/SO4 and these health
effects. This suggests that the best estimates in these two categories are
more uncertain than, for example, mortality and sick days where the results

from different studies do not vary so dramatically.

The dollar estimates placed on changes in the risks of mortality were taken
from wage-risk studies that have estimated the wage premium associated with
on-the-job risks.” Results of these studies have ranged from about $500,000 to
about $5,000,000 per statistical life lost. This does not mean that an
individual is willing to die in exchange for $500,000 or $5,000,000, but that
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the amount that many individuals are willing to pay to prevent a small
increase in the probability of death sums to $500,000 to $5,000,000 per life.
A mid-point of $2,000,000 was selected for this analysis. There is clearly a
great deal of uncertainty in this estimate, because of the wide range of
values obtained in the wage-risk studies and because of differences between
on-the-job risks and environmental risks. Overall, the wage-risk results are
likely to be a lower bound on willingness to pay to prevent environmental

risks.

The dollar estimates placed on changes in morbidity were based on the average
opportunity cost of time spent sick and the average medical expenditures
associated with each category of illness. These estimates can be expected to
understate the total willingness to pay to prevent morbidity because they do
not include any additional value an jndividual may place on preventing the

discomfort and inconvenience associated with illness.

Table 2-19 gives the dollar estimates of the health benefits under each of the
alternative control scenarios. The wide range between the upper and lower
bounds in each basin is the result of the high value placed on mortality
effects. Since the lower bound for the mortality effects was zero, the lower
bound on total health effects includes only morbidity. The morbidity effects
make up about 20 percent of the best estimates and about 30 percent of the

upper bound estimates of total health benefits.

Judging from Table 2-14, it is clear that the health effects estimates
reported in Table 2-19 do not include all the health effects that might be
expected to occur. With the possible exception of potential increased
prevalence of chronic illness, the health effects included in the dollar
estimates do, however, include those expected to be associated with the
greatest dollar damage: mortality, emergency room visits, hospital admissions,
and sick days. From this perspective, the dollar estimates probably encompass
50% to 80% of the total health damage.
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2.3 AGRICULTURAL BENEFITS

The harmful effects of ozone and other air pollutants on California crops have
been documented for at least 35 years. Most evidence suggests that the vast
majbrity of agricultural damages are primarily due to ozone and, in a few
locations, somevhat due to sulfur dioxide. Pollutant damage to cCrops OCCUrS
primarily through the entry of gaseous pollutants through the stomata located
in the plant’s leaves. Factors that affect stomatal opening (i.e. light,
vater, stress, and pollutant history) control the internal dose of pollutants
the plant receives. The ultimate effects of pollutant exposure are foliar
injury, premature senescence, reduced plant vigor and plant growth, altered
product quality and reduced plant yield. The indicator of air pollution crop
damage which is most useful in economic analyses is changes in yields per

acre.

Nearly two dozen California crops have been identified as sensitive to air
pollution at existing ambient levels. Among the list of sensitive crops are
six of the top ranking cash crops in California, including grapes (#1),_cotton
(#2), hay (#3), lettuce (#5), oranges (#7) and tomatoes (#8). Many of these
crops are grown primarily in the San Joaquin Valley and southern California
regions, where some of California’s highest oxidant levels have been
documented, and where five of the top six agricultural counties are located.
The combination of high valued, air pollution sensitive crops in locations
with relatively high concentrations of ozone and other photochemical oxidants

leads to potentially substantial economic impacts.

Yield functions relating air pollution to per acre crop production are used to
estimate the change in yields from a change in air pollution. These yield
functions are taken from the National Crop Loss Assessment Network (NCLAN)
studies, summarized in Heck et al. (1983), and from a recent agricultural
analysis in California by Rowe and Chestnut (1985). The crops for which
damage functions are estimated include alfalfa, barley, carrots, corn, cotton,
dry beans, grain hay, grapes, lettuce, pasture, potatoes, safflower, silage,
tomatoes and wheat. Most of the functions are taken from the NCLAN research,
which represents the broadest, most consistent and professionally defensible

collection of air pollution yield functions available. These estimates are
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based upon carefully controlled chamber studies, generally performed in
California. The alfalfa, grapes, and potatoes functions, which are not
available from NCLAN, are taken from Rowe and Chestnut, who used an

alternative statistical approach for estimating yield losses.

The estimated change in yields for each scenario comparison are summarized in
Table 2-20. The range of estimates provided represent different changes in
yield for each crop depending upon the air basin and the specific part of the
air basin in which the crop is grown. In some air basins the percent change
in yields across scenarios may be substantially different than in another air
basin. These summary results are sufficient to indicate that the change in.
crop yields per acre across the scenario comparisons are generally quite
small, especially for the highest value crops. This is the result of the

small predicted changes in ozone levels across the scenarios.

The estimated change in yields per acre were translated into economic benefits
of air pollution control by transferring results from previous applications of
the California Agricultural Resources (CAR) model for the analysis of air
pollution impacts to agriculture (Rowe and Chestnut 1985, and Howitt et al.
1984). The CAR model is a quadratic programming model wherein farmers and
consumers are modelled to maximize their well-being subject to agricultural
farm and markets conditions. Changes in yields per acre affect total
production, market prices and returns on investments. Farmers are modelled to
respond to these changes by optimally changing their mix and acreage of crops
planted, and consumers are modelled to change the quantity of output desired
as a function of market price. As a crosscheck of the transfer of CAR model
economic estimates, a simple damage function approach was also used to
estimate benefits. This approach multiplies the estimated change in per acre
production times current levels of acres and current prices, to estimate
economic impacts of changes in air pollution control. The simple damage
function approach is known to overstate correct measures of air pollution
control benefits by ignoring the impact of changes in per acre yields upon

market prices and farm production decisions.

The economic estimates of agricultural benefits of air pollution control are

summarized in Table 2-21. The "best" total estimates range up to $27.2
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Summary of Percent Change in California Crop

Yields Across Alternative Scenario Comparisons¥*

Scenario Comparison

Crop (¥ yield improvement)

1 2 3 4 5
Alfalfa 0-.5 0-.5 0-1.0 0-1.0 0-.5
Barley 0-.75 0-.75 0-2 0-1.5 0-1.0
Carrots .6 .6 3.4 3.4 1.2
Corn 0-.5 0-.5 .5-2.0 .5-2.0 0-.75
Cotton .75 .75 3.2 3.0 1.6
Dry Beans 0-3.2 0-3.2 0-6.9 0-6.9 0-3.5
Grain Hay 0-.2 0-2 0-6 0-5 0-3
Grapes .5-1.1 .5-1.2 1.0-5.4 1.0-5.4 .5-3.0
Lettuce 1.2-2 1.2-1.7 3.0-7.3 3.0-7.2 1.7-3.7
Pasture 0-1.3 0-2.0 .6-6.0 .6-5.8 0-3.0
Potatoes 2.4-10 2.4-10 6.2-33 6.0-32 1.9-18
Safflower 0-.6 0-.6 1.1-3.4 1.1-3.4 .5-1.5
Silage 0-.8 0-.8 .6-3.8 .6-3.7 0-2.4
Tomatoes 0-2.6 0-2.0 1.1-3.6 1.1-3.4 0-1.5
Vheat 0-2 0-2 1.3-6 1.3-5.8 .6-3
* Values calculated only for locations where the crop is grown. Ranges

represent high and low figures across all locations where crop grown.
Table 6.8 for additional detail.
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million for scenario comparison 3. The upper bound estimates are defined as
double the best estimates and the lower bound estimates are defined as
one-half of the best estimates. Ozone changes are estimated to account for
well over 90 percent of total benefits, with sulfur dioxide accounting for the
rest. Approximately 90 percent of the benefits are estimated to occur in the
San Joaquin Valley. About 60 percent of benefits are apportioned to
agricultural producers and about 40 percent to consumers. It is estimated
that the analysis is capturing about two-thirds or more of total agricultural

benefits of air pollution control in California.

2.4 MATERTALS BENEFITS

Materials damage caused by air pollution has been widely recognized as a
source of economic loss in urban areas, and to a lesser extent, in rural
areas. By affecting man-made materials through many differeni pathways, air
pollutants can reduce welfare by increasing the costs of production,
maintenance, and repair. All sectors of the economy suffer economic losses
through damage to materials in place, the premature replacement of vulnerable
materials, and the reduced welfare caused by working in or residing in a

soiled or degraded environment.

The physical effects of air pollution exposures on man-made materials vary
depending upon the composition of the material and the environmental
conditions characteristic of the exposure. Pollutants may cause or contribute
to the surface erosion, blistering, and discoloration of paint; the corrosioﬁ
and tarnishing of metals and electrical components; the fading, soiling, and
reduction in the tensile strength of fabrics; and the soiling and spalling of
non-metallic building materials. Because all of these effects occur, to some
extent, in unpolluted environments, estimation of the economic damages
associated with materials damage caused by air pollution must separate the
effects of air pollution from those caused by environmental factors such as

moisture, temperature, and sunlight.

Considerable research has been performed by physical scientists in an attempt

to define the response of materials to a number of air pollutants. While
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significant and precisely defined relationships linking ambient exposures of
air pollutants with materials exposed to pollutants are not available,
sufficient data is available to relate a number of pollutants to materials

damage, as shown in Table 2-22.

In this analysis, materials damage estimates were developed for effects caused
by sulfur dioxide, ozone, and TSP. A review of the literature indicated that
while nitrogen oxides may cause some materials damage, development of
resistant dyes and other strategic behaviors by society have limited the .
damage to sensitive materials from nitrogen oxides. No damages were calculated
for possible effects caused by acidic deposition or acid fog because of the
inability to differentiate between acidic deposition and sulfur dioxide

effects.

Estimates of materials damage caused by sulfur dioxide vere developed on the
basis of a number of physical and economic damage functions. The principal
material receptors include zinc and paint covered metal surfaces and painted
surfaces generally. Ozone damages vere estimated using damage functions
between annual average ozone concentrations and tire damage. The accuracy of
the economic measures of damage estimated by the damage functions is limited
by two factors. First, the physical damage functions apply to a small
fraction of the exposed materials; and, second, they only reduire estimates of
the material inventories exposed to air pollution in the four air basins.
Because no material inventories were available, per capita economic damage

estimates are based upon studies performed in Philadelphia and Boston.

Estimates of soiling damages caused by TSP vere based upon a study performed
by Manuel et al. (1982). This study estimated soiling damages to households
by estimating a system of demand equations for the consumption and production
of cleanliness that directly address household adjustments to changes in air
quality. Unlike the approach used for the calculation of damages resulting
from sulfur dioxide and ozone, specific damage functions relating pollutant
concentrations to soiling were not estimated. Instead, the Manuel approach
uses estimates of the value that households place on activities or services

that are sensitive to air quality changes.
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Table 2-23 summarizes the annual estimates of the benefits of pollution
control with respect to materials damage in the four air basins. Benefits
from the control of TSP are significantly greater across all control
comparisons than benefits resulting from the control of sulfur dioxide or
ozone. The control of TSP accounts for approximately 75-99 percent of the
total best estimates depending upon the location and comparison, while the
control of sulﬁur dioxides accounts for approximately 0-25 percent, and ozone
control accounts for approximately 0-2 percent. Because TSP damage estimates
do not include measures reflecting commercial soiling effects, the actual
annual benefits may be considerably larger than the estimated values. The low
estimates for ozone control are the result of the small predicted changes in

ozone concentrations across the different control scenarios.

While precise measures of materials damage are difficult to estimate because
of data and inventory limitations, the results of this study indicate that
considerable benefits exist from the control of both TSP and sulfur dioxide.
Given that it was not possible to incorporate the possible effects of acid
deposition resulting from sulfur emissions, these benefits could be even

larger.

2.5 FOREST BENEFITS

Estimates of economic measures of forest damage are based upon changes in the
value of the standing stock of ponderosa and Jeffrey pine plus the aesthetic
values for visual injury to ponderosa and Jeffrey pine stands. Estimated ”
damages to the standing stock of the commercial and productive ponderosa and
Jeffrey pine type are limited to National Forest lands within the four air
basins. Measures of aesthetic and recreational use damage are based upon
U.S.D.A. Forest Service visitor day use data for the same National Forest
lands. Damages to private timber, National Parks, or non-National Forest

recreation sites are not estimated.
At the present time, published evidence is only sufficient to link forest

damage to ozone. While other airborne pollutants such as biologically

available nitrogen compounds, toxic gases and metals, and wet and dry acid
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deposition may be responsible for forest declines, there is currently
insufficient data to establish mechanistic or correlational relationships
between ambient concentrations of these pollutants and forest responses in

California.

Ozone-caused forest responses in southern California have been extensively
described and reviewed by Miller et al. (1982) and others. Tree species known
to be affected include the ponderosa and Jeffrey pine, and black oak. While
timber production damages in this report are based upon growth and yield
reductions measured in ponderosa pine, Miller (1983) also reported widespread
changes in a number of fundamental ecosystem processes apparently caused by
ozone exposures. These included alterations in the flow of carbon, nutrient
flow, litter decomposition, moisture retention and allocation, and the
relationships between forest stands and insect and fﬂngal pathogens. Changes
in these relationships can be expected to cause damage not captured in the
damage to ponderosa yield including increased mortality, increased insect and
pathogen propagation, ecosystem simplification and the increased risk of

watershed damage and catastrophic ground fires.

Table 2-24 summarizes the physical effects believed to be caused by ozone
exposures and relates those effects to changes in services valued by society.
A comprehensive measure of the damages caused by ozone in the four air basins
would estimate damages resulting from decrements in the provision of all of
these services. By estimating damages deriving from timber and aesthetic
services, only a fraction of the total possible damages vere measured. In
addition, timber damages were estimated for only two tree species: Ponderosa
and Jeffrey pine. Because widespread changes have occurred to forested
ecosystems, we believe that there are possibly substantial economic damages

not estimated in this report.

The physical effects of ozone exposures to California forests were made
utilizing the results of the San Bernardino National Forest Study and a number
of studies conducted by the U.S.D.A. Forest Service Pest Management Division.
Timber yield reductions were based upon data developed by McBride (in Miller
et al., 1977) at the Rim of the World in the San Bernardino National Forest.

McBride’s results indicate that at 24 hour average May-September ozone
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Table 2-24

. Ozone Impacts to Forest Ecosystems

Environmental Effect

Affected Service

Values

Reduced growth of commercially

valuable tree species

Reduced growth of non-

commercial or non-productive

tree species

Increased mortality
and predisposition to
pathogen invasion of
tree species suffering

reduced vigor and growth

Alteration in other

ecosystem processes and

functions, including:

reproduction, succession

water allocation and

purification, and habitat

provision

commercial timber

forest trees and
understory

commercial timber
and forest trees
and understory

ecosystem diversity
animal habitat
provision

watershed protection
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timber values

recreation use,
aesthetic, option,
and preservation
values

present and future
losses not captured
through expression of
growth reductions

use and non-use
values including risk
reduction and water
use
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concentrations of 14 pphm, the commercial volume of 30 year old ponderosa pine
trees is reduced by approximately 80 percent. A damage function was fitted to
this data and, in conjunction with inventory data for the commercial and
productive ponderosa and Jeffrey pine types within National Forests in the
different air basins, was used to estimate stumpage losses within the standing
stock, (see Table 8-4 for an estimate of the total board feet of
available/productive ponderosa and Jeffrey pine within each of the National
Forests). To convert these growth reductions to economic damages, reductions
in board feet were multiplied by the U.S.D.A. Forest Service Region 5 average
stumpage price for ponderosa pine. Because the damage function was developed
over a 30 year period, annual economic measures were derived by dividing total
damages by 30. These estimates are recognized to be upwardly biased by their

failure to incorporate market behavior.

Recreational use/aesthetic damages were estimated by extrapolating results of
Crocker and Vaux (1983) over recreational visits to the National Forests
within the Air Basins of interest. Crocker and Vaux estimated the value of a
recreational day in three different forest quality categories using a l
contingent valuation survey in the San Bernardino National Forest. Using data
developed in the San Bernardino National Forest Study, the ozone
concentrations necessary to produce the site characteristics that were valued
by Crocker and Vaux were estimated. Recreational damages were calculated,
assuming that all recreation visitor days to each National Forest took place
within the ponderosa-Jeffrey pine type and that recreators would express the
same preferences and values as the San Bernardino sample. Estimated damage
measures were calculated by classifying forest stands within the different
damage classes developed by Crocker and Vaux and multiplying site visits by

the daily use values reported by Crocker and Vaux.

Table 2-25 provides a summary of the calculated benefits of different air
pollution control levels for recreational and commercial harvest use of
forests. The estimated damages are quite small--the result of small predicted
changés in the six month seasonal 24 hour average ozone levels and the
limitations inherent in the current state-of-the-art for measuring forest
related damages caused by regional air pollutants. In fact, no recreation

related damages were estimated to occur. This is due to the limitations in
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applying the Crocker and Vaux study to the current analysis, rather than there
actually being no damages. Commercial losses were estimated to occur only in
the San Joaquin and the South Coast Air Basin. By assumption, the upper bound
estimates for commercial losses are double the best estimates and the lower

bound estimates are zero.

The best estimates of damage range from $57,000 in Comparison 5 to $968,000 in
Comparison 4. It is interesting to note that the total estimates in
Comparison 2 exceed those in Comparison 1, reflecting the fact that ozone
values at San Joaquin monitors near the western borders of the National
Forests were predicted to have the same or higher values under Scenario 4 than
2.

Many important air pollution effects on forests were not incorporated in the
analysis. It is the opinion of the researchers that total economic damages to
forests under the different scenarios is probably significantly larger than
estimated in the present report. Substantial omissions include: the
consideration of commercial species other than ponderosa and Jeffrey pine; the
incorporation of other possible services that generate non-recreational use
values, i.e., watershed and surface water quality; recreational use values
other than those captured under "aesthetic preferences"; option-value; and a
range of preservation values related to ecosystem, habitat, and species
maintenance. This omission of potentially substantial values indicates that
additional work on the economic valuation of forest related damages due to air

pollution is a pressing need.

2.6 VISIBILITY BENEFITS

The visual aesthetic effects of air pollution are an important component of
the overall impact of man-made air pollution. Small particles and gases can
form plumes, layered haze, and regional haze, which can cause changes in
visual range, contrast, light extinction, and color. Visibility is not
something that can be directly bought or sold, but evidence suggests that
people value good visibility. In urban and residential areas, a nice view can

add considerable value to a property. In recreation areas people drive and
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hike substantial distances in order to reach certain overlooks and view the

scenery.

For this analysis, visibility conditions were measured in terms of standard
visual range. Visual range does not necessarily describe everything the
viewer might perceive, such as color or contrast, but it is the most useful
measure for this analysis because information is available about the
relationship between ambient pollution levels and visual range and because
most of the visual values work to date has defined and valued visibility
impairment in this way. Estimates of the effect of changes in emissions of
particulates, sulfates, and nitrates on average visual range were developed
for each scenario. These changes in visual range vere then evaluated in terms

of their expected effect in residential and recreational settings.

Estimates of willingness to pay for changes in visual range in residential
areas were based on studies previously conducted in Los Angeles and San
Francisco and elsewhere in the country. These studies have used either the
property value approach or the contingent valuation approach. Property value
approaches use differences in property values between neighborhoods with
different visibility levels, accounting at the same time for other differences
between the neighborhoods and the property, in order to infer how much
households are willing to pay for a given level of visibility. Contingent
valuation approaches ask people, typically in personal interviews, how much
they are willing to pay for alternative levels of visibility in the area in

wvhich they live.

Both of these types of studies obtain estimates of the value of visibility to
households in the area in which they live. They de not capture potential
impacts to visitors to the area and they do not include impacts on businesses
that are not captured in the housing market. They alsc do not reflect the
value that residents of one area may place on the visibility in another part
of town where they may work, visit friends, etc. The effects of visibility on
resident households, however, probably constitute the largest component of the
benefits of protecting visibility in residential and urban areas, comprising

probably 75% to 80% of all urban area visibility benefits.
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The best estimates of visibility benefits for resident households based on
previous studies were $8 per year per mile change in visual range for the
South Coast and the San Joaquin air basins. The upper bound was $21 and the
lower bound was $4, based on the range of results found in studies in the
South Coast area and elsewhere in the country. The best estimates for San
Francisco and San Diego were $16 per year per mile change in visual range,
reflecting evidence that residents of San Francisco and San Diego place a
.higher value on visibility than do people in the South Coast and San Joaquin.
The upper bound was $35 and the lower bound vas $7 based on the range of
results found in studies in the San Francisco area and elsevhere in the

country.

The estimates of value for protecting visibility in recreational settings were
based on contingent valuation studies that have been conducted in parks and
recreation areas in several parts of the country, although none of these
studies were conducted in California. In these studies, visitors to these
areas are typically asked what they would be willing to pay to have certain
visibility conditions during their visit to the park. These studies therefére
provide some information about the value to park visitors of protecting
visibility for their visit to the park, but do not reflect any value visitors
and non-visitors may place on simply knowing that visibility in parks and
recreation areas is being protected. Previous research has found that these
kinds of "preservation values" may be substantial, but adequate quantitative
information was not available to allow estimation of preservation values for

this analysis.

Studies on the value of visibility to park visitors have found that the daily
wvillingness to pay per mile change in visual range varies from about $.03 to
about $.15 per mile per visitor party, and is at the higher end of the range
when the initial visual range level is lower. The best estimate used for the
scenarios in this analysis was close to the upper bound of $.15 since the
visual range levels in the study area are typically under 20 miles. Since
most of the previous studies on the value of visibility in receation areas
were conducted in areas where visual range is typically over 50 miles, even
the upper bound estimates provided here probably understate the value of

visibility in the four California air basins.
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Annual visitation for 1983 at national and state parks and recreation areas
and national forests in the four air basins wvere used for the calculation of
visibility related recreation benefits. This can be expected to understate
the total impact of visibility on recreation because locally operated parks
and recreation in private areas was not included. This limitation and the
fact that the estimates do not include preservation values suggest that the
estimates presented here for the benefits of protecting visibility in
recreation areas comprise probably only 25% to 50% of all recreation related

visibility benefits in the study areas.

Table 2-26 gives the annual estimates of the benefits of pollution control
vith respect to visibility in the four air basins. These estimates include
both the residential and recreational benefits. In each of the air basins the
recreation estimates are less than 10% of the total, primarily because more
people are affected more often in residential settings than in recreation
settings. The upper bounds are about two times the best estimates and the

lower bounds are about one-half the best estimates.

2.7 SUMMARY AND COMPARISON TO PREVIOUS STUDIES
2.7.1 Summary

Table 2-27 provides a summary of the total of all estimﬁted benefits of air
pollution control across all damage categories by air basin and by scenario.‘
The best estimate of total benefits range from approximately $2-13 billion per
year depending upon the scenario examined. The relative importance of
different effects categories and air basins is illustrated in Table 2-28.
Human health benefits compfise about 64 percent of the total, with mortality

equalling roughly 54 percent of the total.
The uncertainty in the estimates is quite large as indicated by the large

range from the upper to lower bound estimates in Table 2-27. The upper bound

estimates are somewhat more than double the best estimates. The lower bound
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estimates are only 8.5 to 12.6 percent of the best estimates. These large
ranges are the primary result of the uncertainties in measuring and valuing
mortality, which dominate the analysis. The lower bound estimate for
mortality effects was set to zero to reflect the uncertainty and controversy
in epidemiology studies of mortality impacts from air pollution, although a

higher lower bound could also be defended as appropriate.

If uncertainty in the value of mortality effects were also included, the upper
bound “on mortality effects would double, and the total across all damage
categories would increase by about 50-60 percent. This is because the range
of professionally defensible estimates of the value of a statistical life
range up to over $5 million per statistical life, more than twice the $2
million per statistical life used in this analysis. However, the combined
use of both the upper bound on estimated impacts and the upper bound economic
valuation estimate was felt to be unreasonable. The dominance of mortality
impacts and valuation on the total social value of air pollution control,
combined with the uncertainty in the measurement of these impacts and values,
suggests the importance of continuing research to refine these health impacts

and valuation estimates.

Table 2-28 also reports a subjective judgement by the authors of the range of
economic values, by effect category, that have been_%ncluded in the
quantification. These can only be interpreted asnprggessional judgement based
on evidence outlined in Chapters 5-9. The assessment-suggests that of the
effects categories considered, .the quantitativezgsg%@agjon of physical and
economic benefit measures related to forested eg0§¥stems_are the least )
satisfactory. Given the omissions..in the effects pg;egofies considered, plus
the omitted pollutants and effects categories (see Section 1.3), the reported
estimates may be capturing only 50 percent of all air pollution control

benefits. I
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2.7.1 Comparisons Vith Previous Studies

The results of this effort can be roughly compared to preceding efforts, but
this comparison is limited by the lack of consistency in the definition of

scenarios, locations and other study design characteristics.

The study by Freeman (1982) is among the most cited of similiar efforts.
Freeman computes economic measures of benefits from air pollution control
nationwide under the scenario of a 20 percent decrease in TSP and SOZ’ In
addition, he assumes a 20 percent decrease in the number of days on which the
ozone standard is violated for the calculation of agricultural damage.
Freeman asserts this was roughly equivalent to the changes that occurred from
1970 to 1978. Freeman’s estimates, adjusted to 1983 dollars, are $34
billion. Freeman used $1 million as the value of a statistical life. For
comparison to our effort, Freeman's total estimates would be aproximately $57
billion vwhen adjusted to the $2 million value of a statistical life figure
used in our study. Using these adjustments, Freeman’s lower and upper bound

range of values would be aproximately $10 to $110 billion.

Health values in Freeman’s study, as adjusted above, account for just over 80
percent of total air pollution control benefits. Again using the adjusted
numbers, Freeman’s materials damage (including soiling) are about 10 percent
of the total, versus ébdﬁf*ZSﬁpércent in this study, and vegetation and
aesthetics account f6r377ﬁ395éﬁi of the total vérsus less than 1 percent in
the current study. 'Thé“Prim8ry difference in these percentages is likely to
be due to differences®in’thé“rélative rate of change in study pollutants )
considered in the two efforts, particularly”for®ezone; and that recent
literature has been”uséd in  the California analysis herein that results in a
lower expected rate’df”ch&nge in mortality from changes in TSP and sulfates
(on the order of one-half) which therefore reduces the relative share of total

economic values relating to health effects.

While it is difficult to make comparisons between the absolute magnitude of
the estimates in the Freeman study and this study, we attempt to do so. Our
scenario comparison number 2 is the closest to Freeman’s assumptions of a

20 percent decrease in TSP, SO2 and ozone. In scenario comparison 2 the
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population weighted decrease in ambient concentrations of these pollutants are
roughly 22 percent, 16 percent and O percent respectively. Because ozone,
lead and NO2 are associated with relatively small values in either study
(largely due to small changes in ozone and to the lack of quantitative
research to use) these differences are of secondary significance in the
comparison between the total estimates of the two studies. Using our
scenario comparison 2, Freeman’s adjusted estimate of $58 billion nationwide
is about six times our Calfiornia study area estimate of $9.6 billion, while
the national population is roughly 10-11 times as large as the California
study area population. Consequently, our estimates, on a per capita basis,
are on the order of 1.5 to 1.75 times larger than Freeman’s adjusted
nationwide estimates. This difference does not seem unreasonable. Much of
the United States has considerably lower pollution levels than our study
areas, a fact Freeman accounts for in his estimates. Other factors that
account for the differences between the studies include differences in
included and excluded effects, pollutants, scenarios and other variations in
approach. If the mortality to TSP and sulfates relationships used by Freeman

were used in this study, the per capita benefits in this study would be 3 to 4

times larger than in the Freeman work.

A second related study vas performed by Fisher et al. (1979, also reported in
Hamilton, 1979) for six urban areas in California. The study examined and
valued selected effects of 10, 25, and 50 percent changes in selected
pollutants. The urban areas included Fresno, Los Angeles-Long Beach,
Sacramento, San Bernardino-Riverside-Ontario, San Diego, and San Francisco-
Oakland. The 1977 population of the Fisher et al. study area is roughly
two-thirds of the 1980 population of our study area. For comparison’s sake we
will compare Fisher et al.’s 25 percent decrease numbers to our Scenario 2
estimates and will inflate their numbers to 1983 dollars. Fisher et al.’s
estimates for soiling and materials damage are on the order of $400-450
million, while our estimates are over about $2.7 billion. Fisher et al.’s
estimates of human health impacts, which use the lowest published value of a
statistical life value of $300,000 are about .6 billion. When adjusted to the
$2 million value of a statistical life estimate, their estimates increase to
over $4 billion, which is somewhat less than our $6 billion for all health

effects. Although, as with Freeman, their estimated mortality impacts from
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TSP and sulfates are substantially larger than those here (roughly double).
Fisher et al. provided only suggestive estimates on agricultural and forest

losses and no visibility estimates.

Several inmportant research design characteristics primarily account for the
significant differences between the Fisher et al. study and the current
effort. The current effort encompassed 50 percent more population, and more
pollutants were considered. Fisher et al. generally considered TSP and/or SO2
in determining damages in any effects category. Fisher et al. wvere able to
utilize less literature as a basis for their estimates. As a result important
effects included in the current effort were omitted in their analysis. These
include the effects of other pollutants on the categories considered,
morbidity effects, visibility effects, and many materials and soiling damages.
Their analysis is also not always consistent in defining the percent change in
air pollution across different measures of ambient conditions, which generally
reduces their results. For example, a 25 percent change in the annual average
will be associated with a much larger change in the peak values used in some
of their calculations. Finally Fisher et al. do not provide any upper and

lower bound estimates.
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